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neering to alter plant development Alterations in the nature or quantity of 
products of the genes affects plant development. A family of An genes in 
monocots encodes a cyclase involved in the early steps of gibberellic acid 
(GA) biosynthesis. Members of the family are identified in wheat, barley, 
sorghum and maize. Two members of the family, the genes Anl and An2, 
are identified in maize. The Anl gene is cloned and the function of the gene 
is characterized. An2 is isolated and identified by homology to Anl. Using 
recombinant genetic technology, GA levels are manipulated. Changes in GA 
levels alter monocot plant phenotypes, for example, increasing or decreasing 
height and fertility. 
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PLANT GENES AFFECTING GIBBERELLIC ACID BIOSYNTHESIS 
BACKGROUND OF THE INVENTION 

The present invention relates to genes encoding 
regulators of gibberellic acid biosynthesis in plants. 
5 Plant development is affected by alterations in the 
nature or quantity of expression products of these genes* 
A family of An genes, found in monocotyledonous plants 
(monocots) , codes for a composition essential for the 
conversion of GGPP to ent-kaurene involved in the early 
10 steps of gibberellic acid (GA) biosynthesis. 
Illustrative members of the family, the genes Anther earl 
(Anl) and Anther ear2 (An2) are identified in maize 
cloning and functional attributes of the Anl and An2 
genes are described. An genes are also identified in 
15 barley, sorghum and wheat by their homology to the Anl 
gene of maize. 

That GA is important in plant development is 
illustrated by the correlation between increased vigor in 
hybrid maize and higher GA levels compared to parental 
20 levels, and the greater response of inbreds (compared to 
hybrids) to exogenous ly applied GA content (Rood et al., 
1988). Further, RFLP analysis points to known GA 
biosynthetic loci as quantitative trait loci (QTLs) for 
height in maize hybrids (Beavis et al., 1991) , suggesting 
25 a role for GA in heterosis. The importance of GA in 
plant development is further evidenced in the phenotype 
of GA-deficient mutants of maize, which includes: reduced 
plant stature, due to shorter internode lengths; shorter 
broader leaves; less branching of the tassels; and the 
30 development of anthers on the normally pistillate ear, 
resulting in perfect flowers (Emerson and Emerson, 1922) . 

In maize and probably other plant species, the 
reduced stature is primarily the result of a decrease in 
the final length of shoot cells. A reduction in the 
35 number of cells per internode is also a factor. Although 
GA deficiency affects maize shoot and mesocotyl cell 
length, coleoptile cell lengths are unaffected, 
suggesting that coleoptile cell extension is independent 
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°f GA. The reduced plant height of GA 

deficient/responsive mutants of maize is a characteristic 
common to GA deficient/responsive mutants from a number 
of plant species including Arabidopsis , tomato, rice, 
5 pea, and barley. Interestingly, the reduced height 
phenotype appears to be more responsive to GA levels than 
the development of anthers on the ear. This is true 
because, despite the semi-dwarfed to non-dwarfed stature 
of Anl mutants, they remain anther-eared. 
10 Gibberellic acid levels also affect fertility in 

plants. For example, GA can be sprayed directly on 
plants to affect fertility. The nature of the effect is 
species specific, that is, in some species excess GA 
enhances fertility; whereas, in other species, GA reduces 
15 fertility. The effect depends on the reproductive 
mechanics of the species, and on the structure or 
function affected by GA. 

In maize, a monecious plant with diclinous flowers, 
staminate flowers form on the tassel, while pistillate 
20 flowers form on the ear. Maize ears arise from axillary 
buds. Protuberances develop in an acropetal gradient on 
the ear that bifurcates-becoming two lobed. However, the 
diclinous nature of the mature flowers belies the fact 
that all flowers in the tassel and ear are initially 
25 perfect. Very early during their development* 
differentiation of pistillate and the staminate 
structures is arrested in the tassel and ear, 
respectively (Cheng et al., 1983). Flowers, known as 
florets in maize, are paired in the ear. Each pair 
30 arises from bifurcation of a spikelet, with one floret 
proximal to the ear axis and the other distal. 
Development of staminate structures in the ear is 
arrested in both florets, as is development of the 
pistillate structure in the proximal floret. Thus, the 
35 ovule of the distal floret contains the only mature 
gametophyte found in the ear, and when the enclosed egg 
and polar nucleus are fertilized, they develop as a 
kernel. Florets in the anther arise in a similar 
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fashion, with development of the pistillate structures of 
both florets arrested very early, while stamens develop 
in both florets. 

Reduced GA levels affect the development of pistils 
5 and stamens in maize by arresting development of the 
stamens in both florets of the ear. This results in a 
staminate flower in the proximal floret and a mature 
perfect flower in the distal floret. The development of 
pistils and stamens in the tassel of GA deficient mutants 

10 is delayed, but otherwise is unaffected. Thus, GA is 
required for the normal arrested development of stamens 
observed in both florets of the ear. The proximal 
anthers on ears of GA deficient responsive mutants 
produce mature pollen that accumulates starch and 

15 possesses a germ pore; these are indications of a 
functional gametophyte. Sexual determination of tassel 
florets in these mutants appears to be normal, with both 
florets developing fertile anthers, while the pistillate 
structures fail to develop. The effect of these 

20 mutations on the tassels appears to be limited to 
reducing branching and causing a poor pollen shed 
apparently due to failure of the glumes to open. 

In maize, tassels and shoots have served as sources 
for the identification of a number of GA biosynthetic 

25 intermediates (Suzuki et al., 1992; Hedden et al., 1982). 
In addition to being present in shoots, GAs have been 
shown to be present in root tips of Pisum (Coolbaugh, 
1985) and in immature seeds of Pharbitis (Barendse et 
al., 1983). 

30 Gibberellic acids are synthesized from the isoprenoid 

GGPP, beginning with the cyclizations of GGPP to CPP, 
then CPP to ent-kaurene, catalyzed by kaurene synthases 
A and B (previously kaurene synthetases A and B) , 
respectively (Duncan et al., 1981). Most higher plants 

35 are thought to be like maize in that, in maize, ent- 
kaurene is oxidized stepwise to 7-hydroxy-kaurenoic acid, 
which is converted to the first true gibberellin; GA 12 - 
aldehyde (Suzuki et al. , 1992) . The latter compound then 
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is oxidized further to an active GA by one of three 
parallel pathways. In maize the dominant pathway appears 
to be the early 13-hydroxyl pathway (Hedden et al., 
1982), with GAI being the penultimate, active product, 
5 typically present in less than 1 /xg/100 gfwt amounts 
(grows fresh weight of tissue) (Pujioka et al., 1988). 

The biosynthetic block in four of the five documented 
GA-deficient mutants of maize has been predicted by 
measuring accumulation of endogenous GA biosynthetic 
10 intermediates, and measuring growth responses to, and 
determining the fate of, intermediates (Fujioka et al., 
1988) . The precise biosynthetic role of the fifth locus, 
Anl, has remained undetermined heretofore. Mutations in 
Anl result in a GA-deficient phenotype, curable with 
15 applied ent-kaurene, which suggested that the Anl gene 
product functions in ent-kaurene synthesis. However, An 
genes have not been cloned, isolated or sequenced. 
Therefore, genetic engineering methods for manipulating 
An genes to control plants are not available in the art. 
20 The availability of genetic engineering for GA levels 
would accelerate and enhance previously available classic 
breeding programs. 

Genes have been cloned from maize using the Mutator 
transposable element family (Mu) to generate gene tagged 
25 mutants. Among the genes thus cloned are al (O'Reilly et 
al., 1985); bz2 (McLaughlin et al., 1987); hcfl0€ 
(Marteinssen et al., 1989); hml (Johal et al., 1992); 
iojap (Han et al., 1992); vpl (Mccarty et al., 1989) and 
yl (Buckner et al., 1990). However, the use of the Mu 
30 system for cloning is not predictably successful. 

SUMMARY OF THE INVENTION 
Control of levels of gibberellic acid (GA) in plants 
by genetic engineering techniques requires identification 
and isolation of genes whose expression affects the 
35 operation of the biosynthetic pathway leading to 
gibberellic acids. Control of GA levels is a means of 
controlling plant development. 

An aspect of the present invention is to identify, 
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isolate and characterize a family of genes in monocots 
that is capable of encoding a product that functions to 
convert GGPP to ent-kaurene in gibberellic acid 
biosynthesis. Monocot includes sorghum, wheat, maize, 
5 barley. The family of genes is defined by a capability 
to hybridize under conditions of high stringency with the 
Anl gene from maize, and therefore is designated "An". 
The genes of this family encode products that are 
necessary for the conversion of GGPP to ent-kaurene in 
10 the biosynthesis of gibberellic acid. Without being 
bound by theory, it is believed that the product is an 
isoprenoid cyclase. A representative member of the 
family is the Anther earl (Anl) gene from Zea mays, which 
has been isolated, cloned, sequenced and characterized. 
15 The Anl gene is required for the accumulation of normal 
levels of GA in maize, and is understood to encode ent- 
kaurene synthase A, the enzyme involved in the first 
committed step of GA biosynthesis. Defective mutations 
of this gene cause the plants to be dwarfed, anther-eared 
20 and late- flowering. 

Other members of the family of An genes of the 
present invention were located in barley, wheat and 
sorghum, by means of the ability of a candidate gene to 
hybridize with an oligonucleotide probe from a maize Anl 
25 gene nucleotide sequence of the present invention. Part 
of an Anl clone was used as a probe. Genomic DNA was 
extracted from barley, sorghum, and wheat plants. Each 
genus was analyzed separately. The genomic DNA was 
digested and separated by gel electrophoresis. The 
30 separated DNA was blotted. An Anl DNA probe was used to 
search for homologous nucleotide sequences in barley, 
sorghum and wheat. In addition, a maize An2 gene is 
detected in maize. Products of An2 mutant genes decrease 
GA levels, although to a lesser degree than effected by 
35 the Anl gene product. A double mutant plant, that is, a 
plant with a mutation in both Anl and An2, may be 
characterized by a more severe phenotype than either 
single mutant, that is, a severe dwarf phenotype. 
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DNA and RNA gel blot analysis demonstrate Anl to be 
a single copy gene. Sequence analysis of a 2.8 kb Anl- 
cDNA clone shows homology with plant cyclase genes and a 
polyprenyl pyrophosphate binding domain. The initial 
5 steps in the GA biosynthetic pathway involve binding a 
polyprenyl pyrophosphory lated substrate, 
geranylgeranylpyrophosphate, which is converted by 
cyclization to kaurene, steps for which anl plants are 
defective. Northern analysis of the Anl transcript 
10 indicates that it accumulates in shoots, roots, immature 
ears and kernels, silks and tassels. The transcript does 
not accumulate in dark grown shoots, suggesting that 
light is a regulator of Anl expression. Expression of 
Anl was monitored in a number of anl isolates, as has its 
15 expression in maize shoots, roots, tassels, silks, 
pollen, and kernels. Light induction of Anl transcripts 
have been demonstrated in seedling shoots. 

Cloning GA biosynthetic genes provides recombinant 
genetic tools leading to a better understanding of the 
20 role GA plays in the growth and development of maize. In 
addition, control over GA levels can be used to 
manipulate plant development by recombinant DMA 
technology to specific ends. 

Anl is one of five identified genes in maize that are 
25 involved in GA biosynthesis. Mutants of all five genes 
(Anl, dl, 32, d3, and d5) are anther-eared, but Anl is 
distinct from the others in that its stature is 
invariably semi-dwarfed rather than dwarfed. The semi- 
dwarfed stature appears to result from a redundancy in 
30 the maize genome for the Anl function. Evidence for this 
redundancy comes from anl -bz2- 6923 , a deletion mutant 
that lacks the Anl gene yet accumulates ent-kaurene> a 
downstream product of Anl activity. Further support for 
redundancy comes from low stringency Southern analysis of 
35 anl-bz2-6923 DNA which demonstrates the presence of 
sequences with some homology to Anl. 

One of these sequences is identified as the An2 gene, the 
existence of which was not suspected from the classical 
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breeding experiments which identified the other GA 
biosynthetic maize genes. 

The Anl gene product is involved in kaurene 
synthesis, early in the gibberellic acid (GA) 
biosynthetic pathway. Thus, the loss of Anl function 
results in a GA-deficient phenotype that causes altered 
development including reduced plant height and the 
development of perfect flowers on normally pistillate 
ears. An Anl allele was generated by Mutator induced 
mutagenesis, and the gene was cloned using a DNA fragment 
that is common to both Mul and Mu2 as a mutant gene 
probe. 

The Anl gene was cloned from maize using a mutant 
fragment as a gene probe. In a tagged Anl isolate, anl- 
891339, Mu2 is inserted in the coding region of the Anl 
gene. This results in a GA-deficient phenotype. The 
identity of the Anl clone was confirmed by a comparison 
of the predicted amino acid sequence with that of a GA1 
gene from Arabidopsis (See PCT patent application 
WO/9316096). The two genes are 47% identical and 68% 
similar (GCG package, Genetics Computer, Inc., University 
of Wisconsin) at the amino acid level, suggesting that 
they have a common function. 

Anl contains a polyprenylpyrophosphorylase binding 
domain and shares homology in this region with other 
plant cyclase genes. Southern analysis of a deletion 
mutant, anl-bz2-6923 , demonstrated that the Anl coding 
region lies entirely within the deletion. But the 
deletion mutant accumulates kaurene, indicating that Anl 
function is partially supplemented by an additional 
activity, in fact, low stringency Southern analysis of 
deletion mutant DNA demonstrates the presence of DNA 
sequences homologous to Anl, for example, the An2 gene, 
which was isolated by the RT-PCR method. Therefore, it 
is likely that the semi-dwarfed stature of Anl mutants, 
as opposed to the dwarfed stature of the other GA- 
deficient mutants in maize, is based on redundancy in 
this step of the GA-biosynthetic pathway. A double 
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mutant, with deficiency in GA levels effected by more 
than one gene, may show a more severe phenotype than a 
single mutant. 

Antibodies have been prepared to the Anl gene 
5 product. The antibodies coupled with in vivo and in 
vitro assays of kaurene synthase A and B activity from 
Anl constructs cloned into E. coli expression vectors 
allow the Anl gene product to be tested for kaurene 
synthase A and B activity. Complexes were formed with 
10 kaurene synthase A and the Anl clone gene product. 

The identity of a second gene product that catalyzes 
the first committed step in the synthesis of the plant 
hormone gibberellic acid has been determined through the 
use of oligonucleotide primers derived from the Anl 
15 sequence. Oligonucleotides homologous to the Anl 
nucleotide sequence were generated and used to synthesize 
a 485 bp RT-PCR fragment that is highly homologous to but 
distinct from Anl, as evidenced by a restriction site 
analysis of a corresponding nucleotide stretch in Anl. 
20 This fragment has been designated as An2. The resulting 
485 bp RT-PCR product is used to derive An2 specific 
primers. These primers are used to isolate full length 
cDNAs of An2 and to determine its mRNA sequence. 

Changes in plant developmental activity and yield 
25 have been accomplished in the past via conventional 
breeding, which requires an entire genome to be 
recombined, rather than a single gene or selected set of 
genes, and which is limited to natural genetic 
variability rather than being amenable to genetic 
30 engineering. The family of genes provided by the present 
invention permits engineered placement of such genes in 
a uniform background, for better control of plant 
developmental aspects such as stature and fertility, and 
manipulation of the genes per se to achieve specific 
35 plant breeding objectives. For example, adding An genes 
to a plant to increase GA levels or adding an antisense 
molecule to decrease GA levels. 
Definitions 
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In the description that follows, a number of terms 
are used extensively. The following definitions . are 
provided to facilitate understanding of the invention. 
In eukaryotes, RNA polymerase II catalyzes the 
5 transcription of a structural gene to produce mRNA. A 
DNA molecule can be designed to contain an RNA polymerase 
II template in which the RNA transcript has a sequence 
that is complementary to that of a specific mRNA. The 
RNA transcript is termed an antisense m and a DNA 

10 sequence that encodes the antisense RNA is termed an 
antisense gene. Antisense RNA molecules are capable of 
binding to mRNA molecules, resulting in an inhibition of 
mRNA translation. 

A cloning vector is a DNA molecule, such as a 

15 plasmid, cosmid, or bacteriophage that has the capability 
of replicating autonomously in a host cell. Cloning 
vectors typically contain one or a small number of 
restriction endonuclease recognition sites at which 
foreign DNA sequences can be inserted in a determinable 

20 fashion without loss of an essential biological function 
of the vector, as well as a marker gene that is suitable 
for use in the identification and selection of cells 
transformed with the cloning vector. Marker genes 
typically include genes that provide tetracycline 

25 resistance or ampicillin resistance. 

Exogenous denotes some item that is foreign to its 
surroundings, and particularly applies here to a class of 
genetic constructs that is not found in the normal 
genetic complement of the host plant. Thus, in the 

30 present invention an exogenous construct used to produce 
a plant via transformation includes an operative prompter 
and an isolated DNA molecule having a nucleotide sequence 
of a member of the family of genes of the present 
invention. 

35 An expression vector is a DNA molecule comprising a 

gene that is expressed in a host cell. Typically, gene 
expression is placed under the control of certain 
regulatory elements, including constitutive or inducible 
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promoters, tissue-specific regulatory elements and 
enhancers. Such a gene is said to be "operably linked 
to" the regulatory elements. 

Heterologous is a modifier indicated a source that 
5 is different. For example, a heterologous promoter used 
with a structural gene of the present invention is a 
promoter that is different from that of the structural 
gene. 

An isolated DNA moleeule is a fragment of DNA that 
10 is not integrated in the genomic DNA of an organism. For 
example, the nucleotide sequence of the Aril gene is a DNA 
fragment that has been separated from the genomic DNA of 
a maize plant. Another example of an isolated DNA 
molecule is a chemically-synthesized DNA molecule that is 
15 not integrated in the genomic DNA of an organism. 

Isolates are mutant plants derived from independent 
sources . 

A rftflftwhi nant host may be any prokaryotic or 
eukaryotic cell that contains either a cloning vector or 

20 expression vector. This term also includes those 
prokaryotic or eukaryotic cells that have been 
genetically engineered to contain the cloned gene(s) in 
the chromosome or genome of the host cell. 

RT-PCR is a method known to those of skill in the 

25 art. Components used herein for RT-PCR were obtained 
from GIBCO-BRL, Garthersburg, Md. The manufacturer's 
instructions were followed. 

Two nucleic acid molecules are considered to have a 
substantial seguen ce similarity if their nucleotide 

30 sequences share a similarity of at least 50%. Sequence 
similarity determinations can be performed, for example, 
using the FASTA program (Genetics Computer Group; 
Madison, WI) . Alternatively, sequence similarity 
determinations can be performed using BLASTP (Basic Local 

35 Alignment Search Tool) of the Experimental GENIFO (R) 
BLAST Network Service. See Altschul et al., J. tfol. 
Biol. 215:403 (1990). Also, see Pasternak et al., 
"Sequence Similarity Searches, Multiple Sequence 
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Alignments, and Molecular Tree Building," in Methods in 
Plant Molecular Biology and Biotechnology, Glick et.al. 
(eds.), pages 251-267 (CRC Press, 1993). 

A suitable promoter is a promoter that controls gene 
5 expression in cells that are to be altered 
developmental ly by the manipulation of genes controlling 
biosynthesis of GA. 

A transge nic plant is a plant having one or more 
plant cells that contain an expression vector. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1A is a schematic representation of the GA 
biosynthesis steps and FIGURE IB focuses on steps 
catalyzed by kaurene synthetase A and B. 

FIGURE 2 is an amino acid sequence comparison between 
15 gene products of the maize Anl gene (top) and an 
Arabidopsis gene, GA1 (bottom). 

FIGURE 3 A and B is the cDNA sequence of the Anl gene 
isolated from maize (Gen Bank accession number L37750) * 
FIGURE 4 illustrates the role of gibberellic acid in 
20 maturity of maize by reference to a comparison of days 
required to maturity for anl-bz2-6923 and its wild-type 
siblings. GDUSHD is heat units to pollen shed, 25 units 
1 day. 

FIGURE 5 is a plasmid map of DP6464. 
25 FIGURE 6 is a cDNA sequence of an An2 gene isolated 

from maize aligned with a fragment of a corresponding 
segment of the Anl gene nucleotide sequence illustrated 
in FIGURE 3. 

FIGURE 7 is a restriction site map of the 
30 corresponding nucleotide sequences of Anl and An2 
according to FIGURE 6. 

FIGURE 8 A and B is a nucleotide sequence of the 
promoter of the An2 nucleotide sequence of FIGURE 3. 
Position 7 on Figure 8A the beginning of the promoter; 
35 position 2075 on Figure 8B the promoter and position 2076 
is the transcription start site of Anl. 
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PETAILED DESCRIPTION OF THE PREFERRED EMBQDTMCTJT 

Gibberellic acid (GA) levels are important factors 
in plant development. Control of GA levels by genetic 
engineering technology allows alteration of plant 
phenotypes such as fertility and size. Identification 
and isolation of genes controlling the biosynthesis of 
GA, are required for this effort. A family of genes have 
been identified that is capable of encoding a product 
that is necessary for the conversion of GGPP to ent- 
kaurene in the biosynthesis of gibberellic acid. the 
product is consistent in structure with a cyclase. 
Members of this gene family hybridize with the Anl gene 
under conditions of high stringency. These genes also 
encode products that are the functional equivalent of the 
sequence in FIGURE 2 within the box. FIGURE 2 shows the 
correlation between the predicted amino acid sequence of 
Anl (top) and that of GA1 (bottom) . 

Steps catalyzed by kaurene synthase are as follows: 
Two rings are closed in the conversion of GGPP to CPP by 
kaurene synthase A. The third ring is closed, the 
pyrophosphate group is cleaved, and a carbon-carbon bond 
is broken and reformed at a nearby site as CPP is 
converted to ent-kaurene by kaurene synthase B (FIGURE 
IB) . 

Also as noted, Anl is one of five identified genes 
in maize that are involved in GA biosynthesis. The Anl, 
dl, d2, d3, and d5 mutants of maize compose a class of 
recessive mutants that are GA deficient and GA 
responsive. They all appear to be defective in some step 
of the GA biosynthetic pathway, and they share a number 
of phenotypes, including reduced stature and the 
development of anthers on the normally pistillate ear. 

Within this class of mutants there are two distinct 
groups relative to stature. Alleles of dl, d2, d3, and 
d5 are typically severe dwarfs, exhibiting an 80% or 
greater reduction in final plant height. In contrast, 
alleles of Anl are less severely dwarfed, typically semi- 
dwarfed, and in some cases there is no reduction in their 
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final height. The severity of reduction in shoot height 
for both groups is also reflected in the degree of 
reduction in their leaf lengths. For the entire class 
the reduction in height is scorable in both light and 
5 dark grown seedlings. In six day-old dark grown An! 
seedlings, the basis of the reduced height lies in the 
cells of the mesocotyl. Coleoptile cell number is 
slightly reduced in Anl seedlings, while the average 
cell length of coleoptile cells is the same as found in 

10 wild-type siblings (Table 1) . This is in contrast to the 
mesocotyl where cell number is reduced by one-half and 
average cell length is reduced to one-fourth of that 
observed in wild-type seedlings. Thus, the reduced 
stature in dark grown seedlings is due primarily to 

15 greatly reduced final cell lengths. 



Table i. Comparison of Cell Length and Cell Number in 
Shoots of Dark Grown Maize Seedlings. 

20 Length (mm) Number of Cells Average Cell 

Length (mm) 



Ifiil Sibling 

Coleoptile 18 228 0.08 

25 Mesocotyl 2ft £94 0.18 

Total 88 522 

Dwarf (Anl ) 

Coleoptile 14 171 0.08 

Mesocotyl _6 130 o . 05 

30 Total 20 301 



Seedlings were grown for six days in total darkness. 

The Anl gene was cloned using transposon tagging. 
A key advantage for tagging genes with mutator is the 50- 

35 fold or greater increase in mutation frequency compared 
to spontaneous rates. See Walbot, 1992 for a review. 
Transposon tagging involves using any one of a number of 
naturally occurring plant transposons — Mu, Ac, Spm and 
the like — to create a "molecular tag" to recover the 

40 mutated gene. Although it has been used before, the 
transposon-tagging approach to recovering a gene of 
interest is unpredictable, is plagued by a low mutation 
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frequency, and is very difficult technically. First, the 
genetic stocks have to be screened phenotypically for 
mutants of interest. There is no way to direct the 
transposon to a particular gene or to produce a 
5 particular phenotype. After a mutant phenotype of 
interest is found, moreover, it is necessary to determine 
whether the mutant is actually caused by the insertion of 
a transposon, because not all mutations are caused by 
transposable elements. A gene can be isolated by trans- 
10 poson tagging only if a particular transposon has 
inserted into the gene. 

Each transposon system has major advantages and 
disadvantages. Ac and Spm, for example, occur in lower 
copy number per genome than Mu and therefore, promote a 
15 lower frequency of mutations. Because both of these 
elements excise from the germline at a higher frequency 
than Mu, however, it is possible to use the powerful 
genetic tool of looking for a reversion of the mutant 
phenotype as a result of excision of the element from the 
20 germline. This provides very strong evidence that a 
particular mutant was caused by the transposon insertion. 
Mu has the advantage of having a high copy number, so the 
frequency of causing mutations is higher (up to 10-100X 
higher than the background mutation rate.) Because the 
25 germline excision frequency is very low (-1 in 10,000), 
however, standard tests for reversion are not practical. 
Other, labor-intensive means need to be used to prove 
that the gene is tagged by the transposon. Those methods 
are molecular detection methods which involve isolating 
30 DNA from the mutant plants of interest, and probing the 
DNA for the presence of a Mu element which co-segregates 
with the mutant phenotype. With Mu this is particularly 
difficult, because there are many copies of Mu per genome 
- in fact, some genomes have over 200 copies (Walbot and 
35 Warren, 1988) . 

For the present invention, co-segregation of an anl- 
891339 phenotype and Mu2 containing restriction fragments 
was demonstrated by Southern Blot Analysis. DNA from 
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individual homozygous F2 dwarfed anl-891339 siblings was 
analyzed to determine linkage between the mutation and a 
Mu element. DNA was restricted with SstI, and the blot 
was probed with an internal Mu2-DNA fragment. A Mu2 
5 containing restriction fragment of 5.7 kb, common to all 
tested individuals, was identified. This Mu2 containing 
restriction fragment was cloned into a lambda vector. 
DNA gel blot analysis of a restriction digest of the 
clone was performed. Double digests of the cloned 
10 fragment was in Lane 2 (SstI and Hindlll) and Lane 3 
(SstI and Xbal) . 

Flanking sequence DNA was identified, and a 2.6 kb 
flanking sequence fragment (g2.6Xba) was subcloned and 
used as a probe. Southern blot analysis of the deletion 
15 mutant (anl-bz2-6923) was performed as follows: 

Southern blots of SstI digested genomic DNA of the 
deletion mutant and wild-type sibling DNA were analyzed. 
A blot probed with genomic flanking sequence subclone 
g2 . 6Xba showed deletion mutant plants lack DNA homologous 
20 to g2.6Xba. Using g2.6Xba as a probe, a 2.8-kb cDNA 
clone was recovered from a maize cDNA library. This cDNA 
appears to represent full-length mRNA based on RNA gel 
blot analysis: the primary product is a homologous 
transcript of a 2.8-kb. The cDNA contains an open 
25 reading frame of 2.5 kb or 823 amino acids, as 
illustrated in FIGURE 3. 

A sequence comparison of maize Anl and Arabidopsls 
GAI showed the complete predicted amino acid sequences of 
Anl and GAI are similar. Overall identity is 47%, 
30 similarity 68% (GCG package, Genetics Computer, Inc., 
University of Wisconsin) . A putative 

polyprenylpyrophosphorylate binding domain is indicated 
with a box (FIGURE 2) . 

The homology between predicted amino acid sequences 
35 of maize Anl and Arabidopsis GAI points to a common 
function for these genes. Their overall identity of 47% 
(68% similarity) is striking, but is even stronger in an 
internal 300 amino acid segment that is 68% identical 
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(94% similar) . As to the putative polyprenyl- 
pyrophosphate binding domain within this segment, Anl and 
GA1 share 100% similarity, other sequenced plant genes 
that use polyprenylpyrophosphorylated substrates 
5 (geranyl-, farnysyl-and geranylgeranyl-pyrophosphate) 
also share significant homology with Anl in this domain 
(Facchini et al., 1992), but much less overall homology 
with Anl (20 to 25% identity). These sequence 
homologies clearly indicate that Anl encodes a cyclase 
10 which functions in the conversion of GGPP to ent-kaurene. 

While highly homologous to GAI, it is important to 
note that Anl is distinct from GA1 in its amino (only 11% 
identical for first loo amino acids) and carboxyl 
terminus (only 18% identical for the last 283 amino 
15 acids) . Also, the amino terminus of Anl has 
characteristics expected of a chloroplast targeting 
sequence including a net positive charge (12 of 43 amino 
acids are basic while only two are acidic) . in addition, 
the Anl amino terminus also has a greater than 50% 
20 similarity to the amino terminus of an aspartate 
aminotransferase cDNA clone from rice (Gene Bank Source 
D16340) . Aspartate aminotransferase has many isoforms, 
at least one of which is located in the chloroplast 
(Matthews et al. f 1993). This suggests that the amino 
25 terminus of Anl serves as a chloroplast-targeting 
sequence. Support for a chloroplastic localization, of 
kaurene synthesis comes from the demonstration that cell 
free assays of purified chloroplasts synthesize kaurene 
(Simcox et al., 1975). if Anl and GAI code for the same 
30 chloroplast targeted activity their targeting sequences 
are distinct. The low homology between Anl and GAI in 
their carboxyl termini may be functionally important. 
While a number of plant cyclase activities share a 
conserved polyprenylpyrophosphate binding domain, they 
35 act on distinct substrates and cyclize by distinct 
mechanisms. The basis for these differences is not 
obvious from an examination of the primary amino acid 
sequences . 
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Southern blot analysis using high and low stringency 
was performed. Southern blots of homozygous deletion 
anl-bz2-6923 and wild-type sibling DNA compared from high 
(at a temperature of 65°C) and low (at a temperature of 
5 25°C) stringency washes were compared. Genomic DNAs were 
digested with BamHI. The probe was Anl -cDNA. Therefore, 
at high stringency, probe DNA, hybridizes only to wheat 
and tall sibling DNA, whereas, at low stringency, 
hybridization occurs with deletion mutant maize. A 
10 related sequence is likely in wheat. 

Northern blot analysis shows Anl transcript accumu- 
lation. Northern blots from total RNA preparations were 
probed with Anl-cDNA. Tissues analyzed were: 

(A) shoots and roots of light and dark grown seedlings; 
15 and 

(B) reproductive structures. 

The blot revealed Anl transcript accumulation in all 
tissues and an enhancement of accumulation in light grown 
shoots . 

20 Since GA plays important developmental roles, its 

control is a useful avenue to altering development for 
specific purposes. The anl-bz2-6923 allele of Anl is 
consistent with a robust plant which demonstrates little 
or no reduction in plant height or leaf length compared 

25 to wild-type siblings. Despite its similarity in growth, 
the average first day of pollen shed in this mutant is 
delayed, in the example shown this delay is 5 days 
(FIGURE 4). This demonstrates that lowering GA levels 
reduces time-to- maturity in maize, possibly by shorten- 

30 ing the time required between germination and floral 
initiation. 

A comparison of days required to maturity for anl- 
bz2-6923 and its wild-type siblings is shown in FIGURE 4 
as a plot of the height of wild-type siblings and anl- 
35 bz2-6923 mutants versus GDUSHD (heat units to pollen 
shed, 25 units « 1 day) . Although no difference in final 
height exists, there is an average of 200 GDUSHDs delay 
for the mutant plants. Shortened time to maturity is an 
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advantage in some growing zones (climates); whereas, 
increased time to maturity is an advantage in other 
growth zones. Therefore, the ability to manipulate 6A 
levels by recombinant techniques is advantageous for 
developing commercial monocots. Isolation of genes such 
as Anl provides some of the tools needed for this 
endeavor. The Anl gene will also be useful to probe for 
homologous genes in other species. A gene homologous to 
Anl was isolated by RT-PCR. Construction of the primers 
used to generate the 485 bp RT-PCR product was completely 
dependent upon the previously determined Anl cDNA 
sequence as shown in by Bensen et al. (1995). Further 
oligonucleotide primers were generated from the 485 bp 
RT-PCR product. 

Primers that are specific for An2 are used in a 
reverse genetics screen. A collection of corn families 
is used that has a high frequency and, perhaps many 
mutations. The large number of families is screened in 
sets of about 50 for gene mutations in areas of interest. 
PCR primers are defined for the mutator elements , 
Primers from the Ate fragment are matched to those in the 
families to detect specific families that have Mu 
inserted near the tested primer product of interest. 
Such families are then used for various breeding crosses. 
Plant families selected by this screen have Mu insertions 
in the An2 gene. Seed from progeny F 2 plant families are 
grown. No dwarfing phenotype is likely for these 
families, because Ate mutants only have 20% reduced 
levels of GA. However, crosses between these families 
and Anl mutant plants produce double mutants which are 
severely dwarfed, because both a 20% and an 80% decrease 
are combined. Alternatively, if Anl and Ate are differ-? 
ent, complementation occurs. 

The present invention is illustrated in further 
detail in the following examples. These examples are 
included for explanatory purposes and should hot be 
considered to limit the invention. 
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EXAMPLE 1 

Cloning the Anl Gene 

Reports in the literature suggest that GA levels may 
be a partial cause of heterosis. To develop transgenic 
5 tools for improving yield in crop plants using genes 
affecting GA synthesis, a goal was to clone genes which 
encode enzymes of the GA biosynthetic pathway. 

Several GA-def icient mutants of maize had been de- 
scribed (dl, d2, d3, d5, Anl) which were associated with 
10 a dwarf stature and andromonoecious flowering (perfect 
flowers on the ear) . If these mutations actually 
occurred in the genes directly coding for GA biosynthetic 
enzymes, it was difficult to envision how to identify and 
isolate the genes without having to purify the as yet 
15 uncharacterized enzymes in the GA pathway. One possible 
approach was to use transposon tagging, which had been 
successfully used in some cases to tag and isolate genes 
(Walbot, 1992) . But dwarfs are very rare and, moreover, 
no known transposon- induced alleles had previously been 
20 reported for any dwarf mutants. An anther ear (Anl) 
mutation segregating in a Mu-containing maize line was 
obtained from Patrick Schnable (Iowa State University) , 
and experiments were carried out to determine whether . a 
transposable element could be found associated with the 
25 mutant gene. The likelihood of this was questionable, 
however, because such transposon-tagged dwarf mutants had 
never been identified before. 

The employed mutant-detection method involved 
isolating DNA from the mutant plants of interest and then 
30 probing the DNA for the presence of a Mu element which 
co-segregates with the mutant phenotype. This was 
particularly difficult because there are many copies of 
Mu per genome; in fact, some genomes have over 200 copies 
(Walbot and Warren, 1988) . 
35 In order to reduce the extremely large number of 

Mu-hybridizing bands, it was first necessary to make 
repeated crosses to plants that inactivated and diluted 
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out most of the Mu elements. It was also necessary for 
the Anl mutant gene search to use Southern blots to probe 
genomic DNA separately with a DNA fragment that is unique 
to each of nine distinct Mu families. Even then, the 
5 number of copies per Mu family is around 25, making it 
very difficult to identify one hybridizing band in the 
blot that co-segregates with the Mu element used as 
probe. In doing such a DNA screen for Anl, it was 
necessary to prepare DNA from 50 different individual 
plants and probe each of those samples in a Southern blot 
with each of the Mu-specific probes, Mul, Mu2 and Mu3, 
that are characteristic of the sub-family. 

After a Mu-tagged, co-segregating restriction 
fragment was found, the fragment was isolated by cloning 
and sequenced to identify the location of the Mu inser- 
tion. The flanking regions were also sequenced, to 
locate the structural gene of interest. For a gene like 
Anl, not identified or isolated previously and, hence, of 
unknown sequence, it can be very difficult to determine 
the exact limits of the gene and even to prove that the 
clone contains the mutant gene of interest. As Walbot 
indicates in her 1992 review of strategies for mutagene- 
sis and gene cloning using transposon tagging, 
identification of a co-segregating band is not straight- 
forward. Moreover, identification of such a band is not 
proof that the band in question defines the gene of 
interest. 

A family with a phenotype characteristic of GA defi- 
ciency was observed to segregate as a simple recessive 
trait in an active Mu line. The mutation was shown to be 
allelic with Anl, and was identified as anl-891339. 

Southern analysis of Sstl-restricted genomic DNA 
from anl-891339 and its wild type siblings identified a 
Mu2 -containing restriction fragment, of approximately 5.4 
kb, which co-segregated with the mutation. This fragment 
was eluted from a preparative agarose gel, cloned into a 
bacteriophage lambda vector and plaque purified using a 
Mu2 internal fragment as a probe. Analysis of the cloned 
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fragment, by restriction with Xbal or Hindlll, identified 
fragments of flanking sequence DNA. A 2.6kb Xbal 
flanking sequence fragment (g2.6Xba) was subcloned into 
a plasmid and used as a probe for Southerns and screening 
5 maize cDNA libraries. Southern analysis of maize genomic 
DNA demonstrated that g2.6Xba was single copy DNA, 

Using g2.6Xba as a probe, a number of cDNA clones 
were selected from maize cDNA libraries, demonstrating 
that g2.6Xba lies in a transcribed region of the genome. 

10 The frequency of positive clones in each of two amplified 
libraries was 8 per 360,000 plaques. The longest of the 
cDNAs, 2.8kb, was subcloned into a plasmid and sequenced. 
This cDNA appears to represent full length mRNA. 

Comparing cDNA and Anl genomic DNA sequence identi- 

15 fies a number of exons. The comparison also demonstrates 
that the Mu2 element causing the mutation is inserted 
within or at the border of an intron, 1.6 kbp from the 
carboxyl terminal of the transcript and 900 bp from the 
amino terminal. 

20 It was necessary to take several approaches to 

confirm the identity of the putative clone of the Anl 
gene. Tight linkage between the clone and the gene 
needed to be established by testing to show that the 
clone did not hybridize to DNA from a known genetic 

25 deletion mutant of Anl. This evidence placed the clone 
to within a few map units (4 centimorgans) of the genetic 
locus for Anl, based on the resolution of this mapping 
experiment. That distance corresponds to -8.4 Mb x 10? 
bp, so it is possible the clone could have been located 

30 as far away as 8.4 mb from the genetic locus for Anl. 

The next step was to isolate and sequence a cDNA 
clone. To do this, it was necessary to determine where 
the putative Anl gene was expressed so that a cDNA 
library could be created that was likely to contain the 

35 gene. Because the size of the mRNA was known to be quite 
large (-3 kb) , recovery of a full-length clone was very 
difficult. 
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The first clone was only 2.5 kb in size, so it was 
necessary to screen a second library to recover a longer 
clone of 2.8 kb. The sequence of the cDNA showed -40% 
similarity in only one region of the clone to an isopren- 
5 oid cyclase type of binding region, based on other known 
cyclase-type genes. 

The biochemical function of Anl is known to be 
required for kaurene accumulation and is likely the 
cyclase which converts GGPP to CPP. This is known to be 
10 the first committed step in GA biosynthesis (kaurene 
synthase A) . 

Homology with other cyclases was consistent with one 
of the possible functions for the Anl gene product. The 
homology that was seen was very limited and far less than 
15 the overall homology typically seen among cyclases, so 
only tentative conclusions could be drawn as to the 
identity of the isolated gene. Therefore, additional 
evidence had to be obtained from other technical ap- 
proaches. 

20 Peptides were synthesized that corresponded to 

predicted antigenic domains of the protein which was 
encoded by the clone. Antibodies were raised against 
several peptides. Only 2 of the 4 antibody preparations 
were usable. Some of the antibodies were shown to 

25 precipitate the GGPP-to-CPP cyclase activity of cucurbit 
endosperm extracts, providing additional evidence to 
support the possibility that the isolated gene was Anl. 
Finally, a comparison of amino acid sequence between our 
clone and a GA1 clone from Arabidopsis revealed signif i- 

30 cant homology throughout the length of the protein. GA1 
has been shown to encode the GGPP-to-CPP cyclase (Tai- 
Ping Sun et al . , personal communication) . 

These data provide a convincing case that Anl was 
cloned, but clearly, the process was a difficult and 

35 uncertain one. Although transposon tagging made it 
possible to clone the Anl gene, success was far from 
predictable. 
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The efficiency of obtaining an insertional mutant 
depends on a variety of factors, including the activity 
phase of the autonomous element (s) , the number of mobile 
elements, the location of the elements and the suscepti- 
5 bility of the target locus (Walbot, 1992). As Walbot 
states in her review, "Although not often reported, some 
targeted mutagenesis spreens fail completely, despite 
reasonable progeny sizes" . Table 2 in her review 
indicates a number of examples where attempts to target 

10 specific genes by transposon insertion have failed. 
Based on the previous failure to identify any dwarf 
mutants which were transposon-tagged, it was not unrea- 
sonable to assume that the target locus for genes in the 
GA pathway might not be susceptible to tagging. There- 

15 fore, it was very uncertain that the Anl mutant from the 
Mu genetic stocks was in fact tagged by Mu. However, the 
Anl gene has been cloned, as shown herein. 

EXAMPLE 2 

Basis for Semi-Dwarfed Nature of Anl Plants 

20 As described previously, Anl is unlike the other GA 

deficient/ responsive mutants of maize in that it is a 
semi-dwarf. This is true of all four isolates of Anl 
examined. Anl plants respond to the application of a 
number of GA biosynthetic intermediates, including ent- 

25 kaurene. Since GA biosynthesis is initiated by the 
conversion of GGPP to CPP, followed by the conversion of 
CPP to ent-kaurene, Anl appears to be deficient in the 
conversion of GGPP to ent-kaurene. 

Probing anl-bz2-6923 DNA on a Southern blot with 

30 either g2.6Xba or full length Anl-cDNA resulted in no 
detectable hybridization of probe. Similar results were 
observed on northern blots of deletion mutant UNA. This 
indicates that the transcript of the Anl gene lies 
entirely within the deletion and is therefore not present 

35 in anl-bz2-6923 plants. 

It would be expected, therefore, that this mutant 
would be absolutely defective in ent-kaurene synthesis. 
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Yet light- grown anl-bz2-6923 seedlings accumulate ent- 
kaurene in vivo, albeit at a much reduced rate (20%) 
compared to their wild-type siblings (Table 2) . This 
activity is attributed to the An2 gene product, a non-Anl 
5 activity that supplements Anl production of ent-kaurene. 
The supplementary activity is thought not to be unique to 
maize. A deletion mutant of Arabidopsis , GA2-3, also is 
expected to be devoid of ent-kaurene, since the GA1 
coding region is entirely deleted (Tai-Ping Sun et al., 

10 1992) . However, GA1-3 plants convert GGPP to CPP and CPP 
to ent-kaurene in cell-free extracts of siliques. 
Notably, there are a number of GA1 isolates that demon- 
strate a uniform but variable reduction in plant height 
similar to that observed for the Anl isolates in maize. 

15 The accumulation of ent-kaurene is not observed in maize 
d5 mutants, however. The d5 mutant is believed to be 
defective in kaurene synthetase B as is the GA2 mutant of 
Arabidopsis which has A, but no B activity in cell free 
extracts from immature siliques. When the stringency of 

20 Southerns is lowered for blots of restricted anl-bz2-6923 
DNA, by altering temperatures, bands sharing homology to 
Anl can be identified suggesting that homologous sequenc- 
es provide Anl functional equivalents. 

Thus, the consistent "leaky" or semi -dwarfed 

25 phenotype observed for all documented Anl mutants in 
maize is likely the result of a redundancy for Anl 
function. This redundancy does not exist, or is of 
little significance, for the kaurene synthetase B- 
encoding maize d5 and Arabidopsis GA2 genes, since their 

30 block in kaurene synthesis seems complete. 

EXAMPLE 3 

Anl Transcript Distribution and Expression 

Transcription of the Anl gene in maize occurs in a 
number of tissues, as demonstrated by northern blots. 
35 Vegetative parts of the plant, shoots and roots, contain 
Anl mRNA. Reproductive tissues including tassels, 
developing ears, silks and embryos all contain Anl mRNA. 
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Interestingly, etiolated shoot tissue appears to have 
very little if any Anl mRNA compared to light- grown 
shoots. The presence of message in the roots decouples 
this light-induced transcription from dependence on 
5 chloroplast development. 

Using Anl- specific primers derived from the Anl 
cDNA sequence, both qualitative and quantitative measure- 
ments of Anl transcript were made. The primers used 
were: 5 1 -TTGCCAAGCTCTGCATCAGCTTGAGTGT-3 1 as a forward 

10 primer, and 5 1 -GGAAACATGTCTATCGATC- 

ATATGTTGTGGGGA-3 * as a reverse primer. By reverse 
transcriptase polymerase chain reaction (RT-PCR) , using 
these primers, the distribution of Anl transcript in 
maize was determined to include: shoots, roots, silks, 

15 pollen, and tassels. Quantitative (Q-) RT-PCR using a 
competitive template (an Anl cDNA subclone with a 120 bp 
X insert) , it was determined that Anl transcripts 
accumulate upon exposure to light in maize shoots. 
Therefore, Anl transcript accumulation is induced by 

20 light. By the same Q-RT-PCR approach Anl transcript 
accumulation was shown to be repressed by GA treatment of 
plants • 

EXAMPLE 4 
Cloning An2 by RT-PCR 

25 A deletion mutant in maize, designated anl-bz2-6923, 

produces 20% of the wild-type amount of biosynthetic 
product of the Anl gene. This production occurs despite 
the fact that the deletion mutant totally lacks Anl 
transcript and there is no evidence of genomic Anl DNA. 

30 Therefore, it was believed that the Anl gene has a 
functional homologue that catalyzes the production of the 
20% residual activity. A priori this functional homo- 
logue could, be but is not necessarily homologous to Anl. 
To locate the structural homologue to Anl, a large number 

35 of primers to Anl were generated and tested by RT-rPCR to 
see if any produced a PCR product using RNA isolated from 
the deletion mutant. Based on the lack of Anl DNA in the 
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deletion mutant, RT-PCR products thus derived were used. 
One primer pair yielded an RT-PCR product. That primer 
pair was 5 • CTTCGAGATCGCCTTCCCTTCTCTCA-3 9 (5266) as the 
forward primer, and 5 ' -TAGCCCAGCAAATCCCAT- 
5 CTTCAGTCCA-3 » (5267) as the reverse primer. This primer 
pair produced a 485 bp product that was subcloned and 
sequenced. The nucleotide sequence was 82% identical to 
Anl. as aligned in FIG. 6 The predicted amino acid level 
was 82% identical and 91% similar to that of Anl. This 
10 very high per cent of homology suggested that An2 is a 
functional duplicate of Anl. 

EXAMPLE 5 

Distinguishing Anl from An2 

In the 485 bp region of interest, Anl and An2 each 

15 have unique PstI sites which allow the two genes to be 
distinguished when analyzing PCR products, cDNA librar- 
ies, or selecting a colony. The PstI polymorphism was 
used to screen libraries for the presence of An2. The 
presence of both genes in a maize seedling library 

20 resulted in the four band PstI digest pattern shown in 
FIG. 7. The top and bottom bands are attributable to 
Anl, and the middle two bands are attributable to An2. 
The original primers, #5266 and #5267, were paired with 
primers homologous to "anchor" sequences located at the 

25 5» and 3» ends of a seedling cDNA library that was shown 
to contain Anl and An2, and entire Anl and An2 cDNAs were 
generated by PCR as two fragments, sized 1.2 and 2.1 kb. 
Subcloning and transformation of these fragments into 
competent cells was followed by analysis of plasmid 

30 preparations from individual clones. PstI digestion of 
plasmid preparations revealed An2 cDNA clones for both 
the 1.2 and 2.1 fragments. I; 
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EXAMPLE 6 

Use of Recombinant Genetic Methods 
to Affect Plant Development 

Recombinant genetic methods make use of an isolated 

5 DNA molecule encoding a gene product which is necessary 

to convert GGPP to ent-kaurene in the biosynthesis of GA. 

The isolated DNA molecule is incorporated into a plasmid, 

such as that shown in FIGURE 5, and transferred into a 

host plant. The expression of the DNA in the host will 

10 generally increase the endogenous levels of GA. The 

effect will depend on the species and the increment in GA 

levels. As shown herein, an mutations can affect time to 

maturity. 

A strong, constitutive promoter is generally 
15 preferred to regulate a gene of the present invention in 
a host cell. Examples of suitable promoters are ubiquit- 
in and 35S. 

Decreasing endogenous GA levels is achieved by 
introducing an antisense molecule to a gene product of 

20 the present invention. Knowledge of the binding domain 
sequence (FIGURE 2) allows such antisense molecules to be 
specifically constructed. 

Directed mutation is useful to change a phenotypic 
gene of the present invention so that GA levels are 

25 reduced. The effects of reduced GA levels have been 
described above. Knowledge of a sequence of a maize Anl 
and a partial sequence of a maize An2 gene will facili- 
tate targeted, site specific mutations not only in maize, 
but in other monocots which as described herein have 

30 homologues to Anl of maize. 
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Table 2 . Kaurene Accumulation in Shoots of Light Grown 
Maize Seedlings. 

Ent-Kaurene Content (pmoles/gfwt) Leaf Length (mm) 



Plant No Treatment 48h Tetcyclacis 2nd Leaf 3rd 
Leaf 

10 anl-bz2-6923 

Tall 120 1330 42 83 

Dwarf 33 209 30 58 

anl-891339 

Tall 61 * 710 

15 Dwarf 54 216 

d5 

Dwarf not detected not detected 
B73 94 1093 



20 Seedlings were grown in continuous light for six days, at 
which time mM tetcyclacis (an inhibitor of kaurene 
metabolism) was applied directly to the shoots. Forty- 
eight hours later, the shoots of treated and non-treated 
plants were analyzed for ent-kaurene content. 

25 EXAMPLE 7 

An! promoter-GUS Fusion Constructs and Expression 

Two thousand bases immediately 5 $ to the Anl start 
of transcription (i.e. the Anl promoter) have been cloned 
and sequenced. The sequence is shown in FIGS. 8A and B. 
30 This 2kb promoter region was fused to GUS. Transient 
expression assays on germinating seedlings demonstrated 
that the Anl promoter is sufficient for expression of the 
GUS fusion protein in roots and shoots. 

METHODS 

35 Plant Material 

A Mu2 tagged Anl maize family, anl-891339 , was 
selected from lines with active Mu elements (lines origi- 
nated from Pat Schnable, Iowa State University) . Addi- 
tional Anl alleles used in this study include; anlbm2 
40 (HOD, Maize Genetics Cooperation Stock Center, 
U. Illinois), idd*-2286A and anl-bz2-6923 (both from G. 
Neuffer, U.Missouri) . idd*-2286A is mutated in both the 



WO 95/35383 PCT/US95/07118 

- 29 - 

indeterminate locus (id) and the Anl locus (d) but does 
not appear to be a deletion mutant, as progeny of selfs 
from this material segregate for id and Anl . Conversely, 
anl-bz2-6923 appears to be a deletion mutant. The 
5 extent of the deletion is not defined although Id (two 
map units proximal to Anl) and Ad (two map units distal 
from Bz2 ) are unaffected by the deletion. 
Southern Analysis 

Total DNA was extracted from leaf tissue by the urea 

10 extraction method (Dellaporta et al., 1983). Southern 
blots were performed as previously described (Johal, 
1992) using Duralose-UV membranes (Stratagene) . Mu2 
probes were synthesized by random priming (Amersham) a 
gel-eluted internal 650-bp Aval-BstEII Mul fragment 

15 isolated from pA/B5 (Chandler, 1986) . This internal Mul 
fragment contains regions of homology to Mu2, thus 
allowing for hybridization to both Mul and Mu2 sequences. 
Cloning Protocol 

The genomic DNA restriction fragment containing the 

20 Mu2 element judged to cause the anl-891339 mutation was 
electro-eluted following preparative agarose gel 
electrophoresis of SstI digested total DNA, dialyzed, and 
concentrated by ethanol precipitation. Precipitated 
fragments were pre-annealed to SstI restricted arms of 

25 the bacteriophage vector lambda sep6/lac5 (Meyerowitz, 
from Marteinssen, CSH) and packaged using Gigapack Gold 
(Stratagene) . This library was screened for Mu2 contain- 
ing phage, with the SstI insert of a plaque purified Mu2 
containing clone then transferred to the bacteriophage 

30 vector Lambda-ZAPII (Stratagene) . This insert and other 
clones used for probing or sequencing were all sub-cloned 
into the plasmid Bluescript SK+ and maintained in SURE 
cells (Stratagene) . 
oDNA Library Screening 

35 Two cDNA libraries, which served as sources for Anl 

cDNAs, were prepared from the shoots of 14 day old light 
grown B73 seedlings, a gift from A. Barkan, University of 
Oregon (Barkan, 1991) and from whole kernels (30 DAP) of 
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W22, a gift from Karen Cone, University of Missouri. 
Sequence data from a 2.8kb Anl cDNA was generated by 
Loftstrand Labs Limited. 
UNA Preparation and Northern Analysis 
5 Total RNA was prepared as previously described 

(Chomczynski et al. , 1987) . PolyA + RNA was enriched using 
PolyA-Tract System III (Promega) following the manufact- 
urer's protocol. Northerns were run, blotted and probed 
as previously described (Johal, 1992) using 1.5kb and 
10 l.lkb subclones of Anl cDNA to generate random primed 
probes • 

Analysis of ent-Kaurene and Kaurene Synthetase Activity 

Analysis of the in vivo accumulation of ent-kaurene 
in light grown maize seedlings was performed. Cell free 
assays of kaurene synthetase A and B activities were 
performed using immature siliques from Arabidopsis seed- 
lings. (Bensen, 1995) . 
Production of a Transgenic Plant 

A transgenic plant containing a construct having a 
gene of the present invention can be regenerated from a 
culture transformed with that same construct, so long as 
plant species involved is susceptible to regeneration. 
"Culture" in this context comprehends an aggregate of 
cells, a callus, or derivatives thereof that are suitable 
for culture. 

A plant is regenerated from a transformed cell or 
culture, or from an explant, by methods disclosed herein 
that are known to those of skill in the art. Methods 
vary according to the plant species. Seed is obtained 
from the regenerated plant or from a cross between the 
regenerated plant and a suitable plant of the same 
species using breeding methods known to those of skill in 
the art. 

Example of Transformation Methods in Maize (May be 
Modified for Specific Promoters and Structural Genes) 

Maize Tapetum Specific Promoter: Stable Transformations 
Experimental Protocols 
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Repetition 1.2. and 5: 

Goal: Recover transgenic colonies, plants and progeny of 
maize resistant to Basta/Bialophos and expressing GUS 
driven by the tapetum specific SGB6gl promoter 
5 Genotype: 54-68-5 Bl-1 (Repetition 1) or 
54-68-5 161F3 (Repetition 2) 
54-68-5 161F4 (Repetition 5) 
Medium: 237 liquid suspension medium for maize 
115, callus maintenance medium for maize 
10 115E, callus 5mg/L Basta selection medium 

115B, callus 3mg/L Bialaphos selection medium 
Tissue Treatment 

-Sieve cells through 710um mesh one day after subcul- 
ture 

15 -Resuspend in 237+3% PEG at 50mg/ml plate density 

-Incubate in 3% PEG overnight 

-Plate cells, O.Sml/plate onto glass filters 934-AH 
atop a Whatman filter moistened with 1ml 237+3% PEG 
medium 

20 -Transfer cells on glass filter to 115 medium following 

bombardment 
Particle gun bombardment 
DuPont helium gum (Repetitions 1 and 5) 
650 PSI rupture disks (Repetitions l and 5) 
25 DuPont PDS-1000 gun (Repetition 2) 

0.230" stopping plates, Acetyl macroprojectiles 
(Repetition 2) 
One bombardment per sample (Repetitions 1 and 5) 
Two bombardments per sample (Repetition 2) 
30 Pioneer tungsten modified DNA protocols, specific to 

each gun 
DNA: 

DP687+DP610 
DP460+DP610 
35 DP1952+DP610 
DP2125+DP610 
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Treatment/Assay following bombardment 

-Look for R gene expression 24-48 hours post bombard- 
ment 

-Transfer samples to 115E (Repetition 1) 48 hours post 
5 bombardment. Transfer samples to 115B (Repetition 2 

and 5) 7 days post bombardment 

-Transfer cells off filters 2 weeks following transfer 
to selection 

-PGR assay colonies for reporter gene prior to plant 
10 regeneration 

-Maintain samples at 28C in the dark 

Method of corn transformation to recover stable trans- 
genic plants 

Day-l Cells placed in liquid media and sieved (710um) , 
15 100-200 mg of cells collected on 5.5 cm glass 

fiber filter over ah area of 3.5 cm. Cells 
transferred to media and incubated media over 
night . 

Day 0 Filter and cells removed from media, dried and 
20 bombarded. Filter and cells placed back on media. 

Day 5 Cells on filter transferred to selection media (3 
mg bialophos) • 

Day 12 Cells on filter transferred to fresh 

selection media. 
25 Day 19 Cells scraped form filter and dispersed in 5 

ml of selection media containing 0.6% low 
melting point sea plague agarose. Cells and 
media spread over the surface of two 100mm x 
15mm plate containing 20 ml of gel-rite 
30 solidified media. 

Day 40 Putative transformants picked from plate. 

Day 61 Plates checked for new colonies. 
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WHAT IS CLAIMED IS ; 

1. An isolated DNA molecule capable of hybridizing 
with a monocot nucleotide sequence under conditions of 
high stringency, said molecule encoding a product 

5 affecting the conversion of GGPP to ent-kaurene in the 
biosynthesis of gibber ellic acid. 

2 . The DNA molecule of claim 1 capable of hybridiz- 
ing to a nucleotide sequence according to the Anl 
sequence of FIGURE 3 under conditions of high stringency. 

10 3. The isolated DNA molecule of claim 1 having the 

nucleotide sequence of FIGURE 3. 

4. The isolated DNA molecule of claim 1, having a 
partial sequence of FIGURE 6. 

5. The isolated DNA molecule of claim 1 having a 
15 mutation altering the product affecting the conversion of 

GGPP to ent- kaurene. 

6. An Anl gene cloned from maize. 

7. An An2 gene cloned from maize. 

8 . An expression vector comprising the DNA molecule 
20 of claim 1 and a promoter controlling expression of the 

molecule. 

9. The expression vector of claim 8 wherein the 
promoter is according to FIGURE 8A and B. 

10. A polypeptide encoded by the expression vector 
25 of claim 8. 

11. The polypeptide of claim 10 having an Anl amino 
acid sequence according to according to FIGURE 2. 

12. A method for altering the level of gibberellic 
acid endogenous to a plant of a first species, comprising 

30 transferring an isolated DNA molecule capable of encoding 
a product used for the conversion of GGPP to ent-kaurene 
to a host cell from which the plant is regenerated. 

13. The method of claim 11, wherein said transferred 
DNA molecule affects 12, the endogenous GA level such 

35 that the time of maturity of said plant is altered 
relative to the norm for said first species. 
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14. A method for altering the level of gibberellic 
acid endogenous to a plant of a first monocot species, 
said method comprising constructing an antisense molecule 
to the isolated DNA molecule of claim 1 and delivering 
5 the antisense molecule to the plant in sufficient amounts 
and at suitable times in development to decrease 6a 
levels. 
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FIG. 1B-1 

KAURENE SYNTHETASE A KAURENE SYNTHETASE B 
GGPP ► CPP ► KAURENE 



FIG. 1B-2 




SUBSTITUTE SHEET (RULE 26) 



WO 95/35383 



PCT/DS95/07118 



3/15 



H H H O 

c\ <n ^ ^ 

H (N CM 




a 

•* H 

— 
W— W 



C4 OJ 

cn en 



3-i 



to — cn 



SUBSTITUTE SHEET (RULE 26) 



WO 95/35383 



PCT/US95/07118 



4/15 



r-4 O H O 

*r «r cn o» 
o n o n 



CM 




SUBSTITUTE SHEET (RULE 26) 



WO 95/35383 



PCTV0S95/O7118 



5/15 




SUBSTITUTE SHEET (RULE 26) 



WO 95/35383 



PCT/US95/07118 



6/15 



ooooooooooooooooo 

U><M<D«?OU>ttCO^Ot0rMCO*'OU>CM 

r-tfH<Ncncn^^wv>\or*r*coo*a»o 




SUBSTITUTE SHEET (RULE 26) 



WO 95/35383 



PCT/US95/07118 



7/15 



o 


o 


O 


O 


O 


o 


o 


o 


o 


o 


o 


o 


o 


o 


o 


O 


CO 




O 




CM 






o 




CM 


CO 




o 




CM 


CO 


o 


H 


CM 


CM 


m 


n 




in 


in 




\D 


l> 


CO 


CO 


o\ 


cn 



St 



H 
O 
H 



U 
U 
O 
H 

O 

8 

o 
o 

o 

H 
H 





o 






< 


g 




o 




8 


TG 


o 


a 


a 


2 


CT 




u 




o 


u 




o 





H 
O 
H 
H 
< 

2 

< 

o 
o 

a 
< 

o 

H 
H 
U 
O 
H 

I 



O 

H 
O 
O 
U 

O 

u 

H 
O 

H 

a 
o 

H 

u 
a 

2 

O 

a 

H 
H 
H 
H 

a 

H 
* 

a 
u 

H 

o 
o 
o 
u 

I 



o 

H 
O 

8 

o 
< 
o 
o 

2 

a 
a 

H 



2 

O 
H 
H 

2 
2 

O 
O 

U 

a 

H 
H 

u 

H 

u 
o 
u 
u 
a 

5 




SUBSTITUTE SHEET (RULE 26) 



WO 95/35383 



PCT/US95/07118 



8/15 




SUBSTITUTE SHEET (RULE 26) 



WO 95/35383 



PCT/US95/07118 



9/15 









h 

O 


AN 


—J 


■ 


□ 



5: 



DC 



2 



■ ■■! 




J 1 I I I I L 



O 
O 
CO 



o 
o 

CO 



o 
o 

^ Q 
X 
CO 
ZD 
Q 

o ® 

o 

05 



O 



oooooooooo o ^ 

OOOONCOIO^COCVJT- 



LU =- 



SUBSTITUTE SHEET (RULE 26) 



PCT/US9S/07118 



10/15 



FIG. 5 
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FIG. 6 

1410 GAGGAGGCGGAGTCGATGCCCATCGGCTTCGAGATCGCCTTCCCTTCTCT 1459 

, IIIINIIIIIIIIIIIIIIMII 

1 CTTCGAGATCGCCTTCCCTTCTCT 24 

14 60 CATCCAGACGGCTAGGGACCTGGGCGTCGTCGACTTCCCGTACGGACACC 1509 

25 CATCGAACTAGCCAAGAGTCTGGGCGTGk 74 

1510 CGGCGCTGCAGAGCATATACGCCAACAGGGAAGTCAAGCTGAAGCGGATC 1559 

« in inn i mill i i iiiiii inn inn mi 

75 AGGCTTTGCAGGGAATATACTCGAGCAGGGAGATCAAGATGAAGAGGATT 124 
1560 CCAAGGGACATGATGCACAGGGTCCCGACGTCCATCCTGCACAGCCTTGA 1609 

,, c Mi in in i inn in u ii mil u minim ii 

125 CCTAAGGAAGTGATGCACACGGTTCCCACATCCATTCTCCACAGCCTGGA 174 

1610 AGGGATGCCTGACCTGGAcfGGCCGAGGCTTCTGAACCTCCAGTCCTGCG 1659 
,,c i'l' I Nil I II IIIIII III HI lllll II lllll III 
175 AGGGATGCCCGGGCTAGACTGGGCGAAGCTGCTGAAACTGCAGTCGAGCG 224 

.... t?ff iffjtrr TnT?i? iT ???f jf?f? T Tt?ff ?rtT?f 1709 

225 ACGGGTCCTTCCTCTTCTCACCCGCGGCCACCGCGTACGCTCTCATGAAC 274 
1710 ACCGGTGACAAGAAGTGCTTCGAATACATCGACAGGATTGTCAAAAAATT 1759 

275 ACCGGCGACGACAGGTGCTTCAGCTACATCGACAGGACAGTlAAGAAAili 324 
1760 CAACGGGGGAGTCCCCAATGTTTATCCGGTCGATCTTTTCGAGCACATCT 1809 

„ c IIIIII Mill Mill M II II II II II INI Ml! MM I 

325 CAACGGAGGAGTGCCCAACGTCTACCCCGTGGACCTTTTCGAGCACATAT 374 
1810 GGGTTGTGGATCGGTTGGAGCGACTCGGGATCTCCCGCTACTTCCAACGA 1859 

ii' I" inn 1 1 in ii ii i ii ii i mm i ii mm i 

375 GGGCTGTCGATCGCCTGGAGCGTCTCGGGATCTCCCGCTACTTCCAGAAA 424 

1860 GAGATTGAGCAGTGCATGGACTATGTGAACAGGCACTGGACTGAAGATGG 1909 
,,11111 1 M i I I I M M III I II I II I MIMIIMM lllll II II III 
425 GAGATTG AGCAGTGCATGGACTACGTGAAC AGGCACTGGACTGAAGATGG 474 

1910 GATTTGCTGGGCTAGGAAATCCAATGTGAAGGATGTGGATGACACAGCTA 1959 
,.11111111111111 

475 GATTTGCTGGGCTA 4 88 
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